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Supplementary Figure S$1: Identification of two phosphorylation sites of HACE1.

a-d. Fragmentation spectra of HACE1 phospho-peptides showing that Ser-337 and Ser-385
are phosphorylated. e. Graph showing the occurrence of HACE1 phospho-peptides in CNF1
treated cells relative to control conditions. f. Protein lysates from HUVECSs transfected with HA-
HACE1(WT) and treated with CNF1 at 10° M for 24 hours were treated or not with A-
phosphatase (A-PPase) and analyzed by immunoblot (IB) using the indicated antibodies. IB:
actin is used as a loading control. g. Graph showing levels of pS337 relative to HACE1 total
protein levels quantified by densitometry from the IB analysis. e-g. Data correspond to the

mean + SD of > 3 biological replicates. p value was determined by one-sample t-test.

Supplementary Figure $S2: CNF1 and Rac1 induce phosphorylation at Ser-385.
a-b. Protein lysates from MCF12A cells transfected with HA-HACE1(WT) and (a) treated with
CNF1 for 24 hours or (b) co-transfected with myc-Rac1(Q61L) and analyzed by immunoblot

(IB) using the indicated antibodies. IB: actin is used as a loading control.

Supplementary Figure S3: Phosphorylation of HACE1 at Ser-385 is independent of
mTOR signaling.

HUVECs transfected with the indicated plasmids were treated with rapamycin (0.1 uM) or
Torin1 (0.1 M) for 4 hours prior to lysis and analysis by immunoblot (IB) using the indicated
antibodies. IB: actin is used as a loading control and pS6 is used as a control for mTOR

activation.

Supplementary Figure S4: Group | PAKs induce the direct phosphorylation of HACE1.

a. NetPhorest software analysis of the sequence surrounding Ser-385 identified a conserved
PAK consensus motif. b-c. Protein lysates from MCF12A cells transfected with siRNA mix
targeting PAK2 (¢) and with plasmids expressing HA-HACE1 and Cdc42(Q61L) or (b)

intoxicated with CNF1 for 24 hours were analyzed by immunoblot (IB) using the indicated



antibodies. d-e. Protein lysates from MCF12A cells transfected with plasmids expressing HA-
HACE1 and (d) Rac1(Q61L) or (e) Cdc42(Q61L) or (d) intoxicated with CNF1 for 24 hours
were analyzed by immunoblot (IB) using the indicated antibodies. f. Protein lysates from
MCF12A cells transfected with HA-HACE1, myc-Rac1(Q61L) and myc-PAK1T423E or myc-

PAK1L107F and analyzed by IB using the indicated antibodies.

Supplementary Figure S5: HACE1 does not induce its own ubiquitination in MCF12A
cells.

Protein lysates from MCF12A cells transfected with the indicated plasmids were subjected to
His pull-down (His-PD) prior to immunoblot analysis (IB). Whole cell lysate (WCL) IB analysis

showing total protein expression. CS is C876S, SA is S385A, and SE is S385E.

Supplementary Figure S6: In vivo inter-molecular interactions of HACE1 requires HECT
binding to the ANK+MID region.

a. Schematic representation of the HACE1 protein indicating the position and size of the ANK
and HECT domains as well as the MID region. The structures of the deletion mutants are also
represented. b-d. Protein lysates from (b) HEK293 or (¢-d) MCF12A cells transfected with the
indicated plasmids were subjected to immunoprecipitation (IP) using myc or Flag antibodies
prior to immunoblot analysis (IB). Whole cell lysate (WCL) IB analysis shows the total protein

expression.

Supplementary Figure S7: Phosphorylation at Ser-385 does not promote a specific
association between HACE1 and 14-3-3 proteins.

Protein lysates from MCF12A cells transfected with the indicated plasmids were subjected to
immunoprecipitation (IP) using HA antibodies prior to IB. Whole cell lysate (WCL) IB analysis

shows the total protein expression.



Supplementary Figure S8: Ser-385 is located within an intrinsically disordered region.

a. Schematic representation of the HACE1 protein that shows Ser-385 within the MID region.
b-g. HACE IDR prediction using the PONDR® predictor with the (b-c) VT-XL, (d-e) XL1-XT
and (f-g) CaN-XT algorithms. (b, d, and f) Graphs represent the PONDR score relative to the
residue position. Scores under and above 0.5 correspond to ordered and disordered regions,

respectively. (c, e, and g) Tables listing the IDR domains found by the 3 algorithms.

Supplementary Figures $9-S13: Full-length blots and gels showed in the main figures.
A dashed box within each full-length blot or gel shows the portion of the image presented in
the indicated main figure. The text beside each image indicates the type of sample (IP:
immuno-precipitate, WCL: whole cell lysate, His-PD: Histidine-pull down), staining (CBB:
coomassie brilliant blue), analysis (Autoradiography, IB: immuno-blot), and the antibody used

to probe the membrane in the case of IBs.
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Supplementary table S1: Plasmid List

PKH3-HA3-HACE1(WT)

PKH3-HA3-HACE1(S385A)
PKH3-HA3-HACE1(S385E)
PKH3-HA3-HACE1(C876S)
pXJ40-HA-Rac1(Q61L)
pKH3-HA3-HA-Cdc42(Q61L)
pKH3-HA3-HA-RhoA(L63)
pRK5-myc-HACE1(WT)
pRK5-myc-HACE1(S385A)
pRK5-myc-HACE1(S385E)
pXJ40-HA -Rac1(T17N)
pKH3-HA3-Cdc42(T17N)
pRK5-myc-Rac1(Q61L)
6His-HACE1(WT)
6His-HACE1(C876S)
6His-HACE1(S385A)
6His-HACE1(S385E)
pSY5M-6His-PAK1
pXJ-Flag-PAK1(K141A)

pXJ40-GST-KID2 (85-144)
pCMV6M-myc-PAK1(T423E)

pCMV6M-myc-PAK1(L107F)
pRGB4-6His-Ub

pKH3-HA3-ANK (1-257aa)
pKH3-HA3-MID (258-571aa)
pKH3-HA3-HECT (574-909aa)
pKH3-HA3-ANK+MID (1-571)
pKH3-HA3-MID+HECT (258-909aa)
pCMV-Tag2B-Flag-ANK+MID (1-574a)

Andrio et al. 2017
This study
This study

Torrino et al., 2017

Doye et al., 2002

Doye et la., 2006

Doye et la., 2006

Andrio et al., 2017
This study
This study

Doye et el., 2002
This study

Visvikis et al., 2008
Torrino et al., 2011
This study
This study
This study
This study
This study

This study
Sells et al., 1997

Xiao et al., 2002

Doye et al., 2006
Andrio et al, 2017
Andrio et al, 2017
Andrio et al, 2017
Andrio et al, 2017
Andrio et al, 2017
Andrio et al, 2017

mutagenesis of plasmid #1 using primers #1-2

mutagenesis of plasmid #1 using primers #3-4

mutagenesis of plasmid #8 using primers #1-2

mutagenesis of plasmid #8 using primers #3-4

mutagenesis of pKH3-HA3-Cdc42WT (Doye et
al., 2006) using primers #7-6

mutagenesis of plasmid #14 using primers #5-6
mutagenesis of plasmid #14 using primers #1-2
mutagenesis of plasmid #14 using primers #3-4
See methods

Mutagenesis of plasmid pXJ-Flag-PAK1 (Ng et
al., 2010) using primers #7-8
See methods

pCMV6M-PAK1 T423E was a gift from Jonathan
Chernoff (Addgene plasmid # 12208)

pCMV6EM-PAK1 L107F was a gift from Jonathan
Chernoff (Addgene plasmid # 12212)
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Supplementary table S2: Primer List

10

HACE1(S385A)-Fw
HACE1(S385A)-Rev
HACE1(S385E)-Fw
HACE1(S385E)-Rev
HACE1(C876S)-Fw
HACE1(C876S)-Rev
Cdc42(T17N)-Fw
Cdc42(T17N)-Rev
PAK1(K141A)-Fw

PAK1(K141A)-Rev

5’- GAATTG ATG AAA AAC AAA AGA GAC GCA ACA GAG
ATC ACT TCT ATTTTAC

5- GTA AAATAG AAG TGATCT CTG TTG CGT CTC TTT TGT
TTTTCATCAATTC

5’- CAC AGA ATT GAT GAA AAA CAA AAG AGA CGA AAC
AGA GAT CACTTC TATTTT ACT GAAA

5-TTT CAG TAA AAT AGA AGT GAT CTC TGT TTC GTC TCT
TTTGTT TTT CAT CAATTC TGT G

5-CTT TTACCA ACT TCA AGC ACATCC ATC AAC ATG CTC
AAG

5- CTT GAG CAT GTT GAT GGA TGT GCT TGA AGT TGG
TAA AAG

5- GGT GCT GTT GGT AAAAAC TGT CTC CTG ATATCC TAC

5’- GTA GGA TAT CAG GAG ACAGTT TTT ACC AAC AGC
ACC
5- GTC AGG CGT ACATGAGTTTTAC

5-GTACGC CTG ACT ATT GGA G



Supplementary table S3: Antibody List

Mouse monoclonal anti-HA.11 16B12 Biolegend
Rat monoclonal anti-HA 3F10 Roche
Mouse monoclonal anti-GST 26H1 CST
Mouse monoclonal anti-Flag M2 Sigma-Aldrich
Mouse monoclonal anti-c-Myc 9E10 Biolegend
Rabbit monoclonal anti-HACE1 EPR7962 Abcam
Mouse monoclonal anti 3-Actin AC-74 Sigma-Aldrich
Rabbit polyclonal anti-PAK1 N/A CST
Rabbit polyclonal anti-PAK2 N/A CST
Rabbit polyclonal anti-RhoGDla N/A Santa Cruz
Mouse monoclonal anti-Transferrin Receptor H68.4 ThermoFisher
Scientific
Rabbit polyclonal anti-14-3-3 (pan) N/A CST
Rabbit polyclonal anti-phospho-PAK1(T423)/PAK(T402) N/A CST
Rabbit monoclonal anti-phospho-VEGFR2(T1175) 19A10 CST
Rabbit polyclonal anti-phospho-S6(S235/236) N/A CST
Rabbit polyclonal anti-phospho-HACE1S385 (pS385) N/A This study*
Rabbit polyclonal anti-phospho-HACE1S337(pS337) N/A This study*
Polyclonal swine anti-mouse immunoglobulin HRP N/A DAKO
Polyclonal rabbit anti-rat immunoglobulin HRP N/A DAKO
Polyclonal goat anti-rabbit immunoglobulin HRP N/A DAKO

*See: methods
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